Smooth septate junctions (sSJs) contribute to the epithelial barrier, which restricts 25 leakage of solutes through the paracellular route of epithelial cells in the Drosophila 26 midgut. We previously identified three sSJ-associated membrane proteins, Ssk, Mesh, 27
Introduction 40
The intestinal epithelium serves as a physical barrier that prevents infiltration of 41 food-derived harmful substances, microbial contaminants, and digestive enzymes into Interestingly, we show that the interleukin-6-like cytokines Unpaired2 and/or Unpaired3 86 are involved in this intestinal hypertrophy. We conclude that sSJs are crucial for the 87 regulation of stem cell proliferation and EC behavior in the Drosophila adult midgut. 88 89 Results 90
Depletion of sSJ-proteins from ECs in adult flies results in shortened lifespan and 91 midgut barrier dysfunction 92
To investigate the effect of sSJ-protein depletion on the Drosophila adult midgut, 93 UAS-RNAi lines for sSJ-proteins were expressed in ECs using a Myo1A-Gal4 driver, 94 combined with a temporal and regional gene expression targeting (TARGET) system 95 The shortened lifespan and midgut barrier dysfunction in sSJ-protein-deficient flies 121 prompted us to examine the organization of their midgut epithelium. At 5 days after 122 transgene induction, a typical simple epithelium in which ECs expressed CD8-GFP 123 driven by Myo1A-Gal4 was observed in the control midgut ( Fig. 2A, E) . Intriguingly, 124 the organization of the epithelium was severely disrupted in the sSJp-RNAis midgut: a 125 large number of ECs failed to become integrated into the epithelium and instead 126 accumulated throughout the midgut lumen ( We speculated that the EC accumulation was caused by overproduction of ECs in the 148 sSJp-RNAis midgut. Because regeneration of ECs depends on proliferation and differentiation of the ISC linage, we examined whether proliferation of ISCs was 150 increased in the sSJp-RNAis midgut. We stained the midgut with an antibody against 151 phospho-histone H3 (PH3), a mitotic marker, and found that PH3-positive cells were 152 markedly increased in the sSJp-RNAis midgut compared with the control midgut ( Fig 
Tsp2A-mutant clones induce non-cell-autonomous stem cell proliferation 214
To further validate the effects of sSJ-protein depletion on the adult midgut, we 215 generated mitotic clones that lacked Tsp2A and simultaneously expressed GFP in the 216 ISC lineage using the mosaic analysis with a repressible cell marker (MARCM) system 217 (Lee and Luo, 2001). The clone size, indicated by the number of GFP-positive cells per 218 clone, of Tsp2A-mutant clones was comparable to that of control clones (Fig. 5A, B, G) . 219
However, an increased number of PH3-positive cells outside the mutant clones was 220 observed in Tsp2A-mutant clones compared with control clones (Fig. 5A, B ISCs/EBs causes accumulation of ISCs/EBs and a swollen midgut with multilayered 311 epithelium, similar to our observations. They also showed that knockdown of ssk and 312 mesh in ISCs/EBs results in accumulation of ISCs/EBs. Importantly, they demonstrated 313 that Tsp2A depletion from ISCs/EBs causes excessive aPKC-Yki-JAK-Stat activity and 314 leads to increased stem cell proliferation in the midgut. They further showed that Tsp2A 315 is involved in endocytic degradation of aPKC, which antagonizes the Hippo pathway. 316
Their results strongly suggest that sSJs are directly involved in the regulation of 317 intracellular signaling for ISC proliferation. In their study, Tsp2A knockdown in 318
ISCs/EBs caused no defects in the midgut barrier function, in contrast to the present 319 study. This discrepancy may be due to differences in the GAL4 drivers used in each 320 study or the conditions for the barrier integrity assay/Smurf assay. In addition, Xu et al. 321
(2018) mentioned that MARCM clones generated from ISCs expressing Tsp2A-RNAi 322 grow much larger than control clones, while we found no remarkable size difference 323 between Tsp2A mutant clones and control clones. Such discrepancies need to be 324 reconciled by future investigations. To further clarify the mechanistic details for the role 325 of sSJs in stem cell proliferation, it will be interesting to analyze the effects of 326 sSJ-protein depletion on the behavior of adult Malpighian tubules, which also have sSJs, 327 as well as on a stem cell system (Singh et al., 2007) . 
Conditional expression of UAS transgenes (TARGET system) 361
Flies are crossed and grown at 18°C until eclosion. Adult flies at 2-5 days after eclosion 362 were collected and transferred to 29°C for inactivation of Gal80. All analyses for these 363 experiments were performed on female flies, because their age-related gut pathology is 364 well established (Lemaitre and Miguel-Aliaga, 2013). 365
Flies were crossed at 18°C. At 2-5 days after eclosion, adult flies were heat-shocked at 368 37°C for 1 h twice daily. Adult flies were transferred to fresh vials every 2-3 days and 369 maintained at 25°C for 10 days after clone induction before being dissected. We are grateful to all members of the Furuse laboratories for helpful discussions. We 
